The purpose of this study was to develop a wind simulator to furnish wind direction and sub-hourly wind speed to users of wind speed information, particularly for wind erosion modeling. We analyzed the Wind Energy Resource Information System data to determine scale and shape parameters of the WeibuU distribution for each of the 16 cardinal directions for each month at 704 locations in the United States. We also summarized wind direction distributions, ratio of daily maximum to daily minimum wind speed, and hour of maximum wind speed by month for each location. This summary of historical wind statistics constitutes a compact data base for wind simulation. Equations were formulated and procedures developed and used with the compact data base and a random number generator to simulate wind direction and sub-hourly wind speed. Cumulative wind speed distributions, calculated from the WeibuU parameters, and wind speeds simulated at one-hour intervals for 1000 days agreed well. The model reflects historical day-to-day wind variation and wind speed variations within a day. It will be useful to those needing wind speed and wind direction information and will provide the wind simulator requirements in a wind erosion prediction system.
. Wind direction relative to the orientation of fields and wind barriers is important in determining wind travel distance from a non-eroding boundary and enters into the estimation of wind erosion. Wind direction relative to the direction of row crops and some tillage operations also enters into the calculation, as does the constancy or preponderance of wind in the prevailing wind erosion direction. Both wind speed and wind direction are important in studies of evaporation from lakes and evapotranspiration from row crops.
Prediction of wind speed and direction, like most meteorological variables, is extremely difficult. Even with advanced technology, such as sophisticated numerical models and super computers, using climatological means is as accurate as predicting meteorological variables for a time period of more than a few days in advance (Tribbia and Anthes, 1987) . Therefore, we resort to historical statistical information about most meteorological variables and use stochastic techniques to determine likelihood of various levels of the variable of concern.
Various models have been used to describe wind speed distribution. A glance at a frequency versus wind speed histogram shows that the distribution would not be described best by the familiar normal distribution. Distributions that have been used to describe wind speed include the one-parameter Rayleigh (Hennessey, 1977; Corotis et al., 1978) , the two-parameter gamma (Nicks and Lane, 1989) , and the two-parameter WeibuU (Takle and Brown, 1978; Corotis et al., 1978) . The WeibuU is undoubtedly the most widely used model of common wind behavior representing wind speed distributions. McWilliams et al. (1979) presented a model for the joint distribution of wind speed and direction. They assumed that the components of wind speed are normally distributed along any given direction and that a component along the favored direction has a nonzero mean and a given variance; whereas a component along a direction at right angles is independent and normally distributed with zero mean and the same variance. Dixon and Swift (1984) (1980) by proposing an empirical three-parameter model. Two of these are the familiar WeibuU characteristic scale and shape factors. The third is a measure of directionality, which is a function of the ratio of probability densities for prevailing/antiprevailing directions.
These various models are not adequate for wind erosion modeling, which requires directional sub-hourly wind speeds. Thus, the specific purpose of this study was to develop a more detailed stochastic wind simulator to furnish wind direction and wind speed as needed by the Wind Erosion Prediction System described by Hagen (1990) . A further requirement of the simulator is that it be capable of using the extensive wind data base summarized by the National Climatic Data Center.
COMPACT DATA BASE One of the important requirements for a wind simulator for wind erosion modeling is to develop a compact data base. Although described elsewhere (Skidmore and Tatarko, 1990), we give here some of the details of creating the compact data base. Our database was created from historical monthly wind speed and wind direction summaries contained in the extensive Wind Energy Resource Information System (WERIS) data base at the National Climatic Data Center, AsheviUe, NC (NCC TD 9793). The WERIS data base is further described in appendix C of Elliot et al. (1986) .
Data were extracted from WERIS tables and, in some cases, analyzed further to create a data base suitable for our needs. From WERIS Table 5 , we obtained a ratio of maximum/minimum mean hourly wind speed and hour of maximum wind speed by month. From WERIS Table 10 , we obtained monthly mean air density and occurrences of blowing dust. Air density is used to calculate wind power and wind shear stress. Although we are not using occurrence of blowing dust in our current modeling effort, we thought it important to archive in this data base for future studies.
We used data from WERIS The cumulative Weibull distribution function F(u) and the probability density function f(u) are defined by: Fi(u) was calculated from information in tables like Table  1 for each wind speed group, to determine y and x in equation 7. This gave the information needed to use a standard method of least squares to determine the WeibuU scale and shape parameters. To recover the real distribution, we can rewrite equation 4 as
Wind direction distribution was summarized by month from the "total" row in Table 1 We eliminated WERIS sites if they represented less than 5 years of data, the anemometer height was not known, or fewer than 12 observations were taken per day. Where more than one satisfactory observation site/period remained in a metropolis, we picked the site with the best combination of the following:
1. Maximum number of hours per day observations were taken; 2. Longest period of record; 3. One hourly versus three hourly observations; and 4. Best location of anemometer (ground mast > beacon tower > roof top > unknown location). Tables 2, 3 , 4, and 5 give examples of wind information we compiled into a compact data base for the simulation model. The scale and shape parameters (Tables 4 and 5) are used in equations 1 and 2 to define the wind speed probability distribution functions and are, therefore, useful for describing the wind speed regime. Equation 2 can be used to calculate the probability of any specified wind speed. The integrated form of equation 1 can be used to calculate the probability of wind speeds being greater than, less than, or between specified values. The mean wind speed of the observation period from which the distribution parameters were calculated is very nearly 0.9 times the scale parameter (Johnson, 1978) .
RESULTS AND DISCUSSION
The following few paragraphs explain procedure to access the compact data base and simulate wind direction and wind speed.
DETERMINE WIND DIRECTION
This analysis for stochastic determination of wind direction and wind speed is applied to wind data as summarized by Tables 2, 3 , 4, and 5. Specify the month by number (1 = January) and read the wind direction distribution array for the specified month. Calculate the cumulative wind direction distribution so that it ranges from 0 to 1.0. Draw a random number, RN, where 0 < RN < 1.0 and compare it with the cumulative wind direction distribution. If the random number is equal to or less than the probability of the wind being from the north, then the simulated wind direction is north. If the random number is greater than the cumulative probability of the wind being from the north and equal to or less than the probability of the wind being from the north northeast, then the simulated wind direction is north northeast and so on. If the random number is greater than the cumulative probability of the wind being from all of the 16 cardinal directions, then the simulated wind is calm.
DETERMINE WIND SPEED
Once wind direction is simulated, access the data base to determine the WeibuU scale, c, and shape, k, parameters for that direction and the month under consideration in preparation for the next step.
Rearrange 
where hrmax is the hour of the day when wind speed is The directions are clockwise starting with 1 = north. Direction 17 is for total wind. The directions are clockwise starting with 1 = north. Direction 17 is for total wind. maximum; I is index for hour of day, and the other variables are as previously defined.
OUTPUT FILE
Usually, the output of a wind simulation will be directed to the input of another process model, e.g., evaporation, wind energy, wind erosion, etc. We illustrate what die output of a few simulations may be like in Table 6 . These simulations were generated by accessing data from Tables 2,  3 , 4, and 5 for March and July and performing the operations described previously. After wind direction was determined based on wind direction probabilities. Table 3 , and a random number generator, the appropriate Weibull scale and shape parameters were obtained from Tables 4 and   5 . The model was run to produce the output shown in Table  6 . Wind speed was printed every 2 h for each simulation.
If wind speed at any time exceeded 8 m/s, then it was flagged by a yes in the last column of Table 6 . This means that wind speed is high enough to cause erosion from an unprotected surface of highly erodible particles, and an erosion sub-model should be activated.
Since Weibull scale factors describing wind speed distribution are indicative of higher wind speed in March than July, yes would appear more frequently, on the average for March than July, as it does in our small sample. Also, on the average of many simulations, the wind direction in the first column. Table 6 and figure 1 illustrate that the model reflects historical day-to-day wind variations and the wind speed variation within a day.
COMPARISON
Measured and simulated average hourly annual wind speeds for Lubbock, TX were compared. The average annual wind speed at 3-h intervals was obtained from Table  06 Figure 3-Siinulated hourly wind speed compared to Weibull distribution for March, Lubbock, TX. Scale and shape parameters were 8.1 ms'^ and 2.7, respectively; percent calm, max/min ratio, and hour of maximum wind speed were 1.7,1.6, and 15, respectively.
low wind speeds, we could easily force the agreement at low wind speeds by modifying equation 14. Also, if the pattern of daily wind speed variation deviated significantly from sinusoidal, we could replace equation 14 with one that more closely tracks wind speed variation.
Another alternative is to simply use the wind speed retumed by equation 9 by each simulation. But this would produce an uncorrelated wind speed sequence. The appropriate procedure will depend on the application of the wind speed information and the consequences of an alternative procedure.
Since superimposing diurnal variation on a daily mean wind speed, drawn from a location wind speed distribution, could introduce an error in the overall distribution, we compared cumulative distributions calculated from Weibull and simulated.
Wind speeds were calculated from equation 14 for I = 1 to 24, 1000 times, thus simulating wind speed at 1-hour intervals for 1000 days. This simulated distribution of 24,000 wind speeds was compared to the distribution defined by equation 8. The overall agreement appears excellent ( fig. 3) , with a slight overestimation in the 5 to 8 m/s wind speeds and a slight underestimation in 10 to 15 m/s wind speed range by the simulation model. 
